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[57] ABSTRACT 

An apparatus is disclosed for converting silent digital 
visual display characters into sequentially enunciated 
audible tones which are digitally coded in serial form. 
Blind or visually handicapped persons can recognize 
the audio tone codes to comprehend the visual charac- 
ters in the optical display. 
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FIG. 1A 
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FIG. 2 
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primarily to the necessity of converting the signals to an 
DIGITAL AUDIO OUTPUT DEVICE analog output in the form of spoken words. 

FIELD OF THE INVENTION OBJECTS OF THE INVENTION 

This invention relates to input to output conversion 5 In light of the aforementioned difficulties and short- 
apparatus for signals and in particular to devices for comings in the prior art, it is an object of this invention 
aiding visually handicapped persons by making audible to provide an improved, digitally coded, tone output 
the character information of visible, but silent, displays. enunciator for viable displays. 

Another object of the invention is to provide an im- 
PRIOR ART io proved means for adapting digital visual display appa- 

Reading devices for blind or visually handicapped nrtus for use by blind or visually handicapped persons, 
persons have long been a subject of investigation. The SUMMARY OF THE INVENTION 

usual accroach is to make some sort of a scanner or _ . .... „.,...' 

Ed heW wand or other equipment for recognizing the The foregomg and other objects of <^vMi« 
optical displays. Some of these devices have included 15 me by providing an extreme conversion apparatus 
means for converting the optical displays to audible *kes the output from a visual ^display, senaUy by 

M. i tones, upturn, L useful J the visually character, and converts the 

iff^3^^^ * .an^ucer.thattheau^ 

Pat. No. 3 800,082 ^^J^^^ and other objects, features and advan- 

o m f fi M °L^o'^T, H^^nJ^Ldf; tagesoftheinventionwillbeapparentfromthefo^ 
Pat No. 3 229,075 ^directed " ing more particular description of a preferred embodi- 

readuig device. U.S. Pat Nos £ 5 ? 2 '™ m * 25 mint of the invention as illustrated in the accompany- 
2,487,511 utilize tone variations as their output to drawings 
indicate contours and objects in general. U.S. Pat. Nos. m * urtt **' 

3,359,425 and 2,615,992 also convert optical displays BRIEF DESCRIPTION OF THE DRAWINGS 

to audible tones. nGS 1A through JC illustrate, in block schematic 

A good deal of work was done in connection with the 30 form a ferred embodim e n t of the invention as ap- 
well-known "Optophone shown in U.S. Pat. No. Ued to an electronic hand he j d calculator, or other 
3,007,259 which transforms ordinary printed matter q£ digitaJ yisual dat ^ thb optical display of 

into recognizable auditory signals. AU of the prior art w hich is to be audible enunciated to the user, 
mentioned thus far shares a common characteristic, pj 0 2 ^ a plan ^ w of a card w hi c h carries a 
however, in that the audible output is in analog form 3J number 0 f integrated circuit packages in which the 
and requires considerable experience and training on embodiment of FIGS. 1A through 1C is implemented, 
the part of the operator before reading can be accom- pj G 3 is a sc h e matic timing chart which illustrates 
plished. the operation of the preferred embodiment. 

Analogous to this problem are devices for the blind FIG. 4 illustrates the tone code truth table for con- 
and/or for persons who cannot, due to other factors, ^ ve^g the optical display to audible tones, 
permit their attention to be distracted from what they Turning now to FIG. 1, a preferred embodiment of 
are presently looking at, but who nevertheless need a the invention as applied to any convenient source of 
signal indicative of the state of a display. For example, digital optical data such as, in the preferred embodi- 
U.S. Pat. No. 3,828,252 shows a meter with an audible mentj a hand held electronic calculator display. Other 
readout. In it, words which can be easily recognized are 45 dev ices which provide similar digital outputs are digital 
audibly read out from a record as selected by an elec- multimeters, digital clocks, digital readout frequency 
tronic selection means which synchronizes the read out generators, volt meters, or even printer devices, etc. , as 
to create an actual message. This patent, intended for jg we y known. 

the use of the blind or visually handicapped people, is The basic elements of the preferred embodiment are 
directed towards applications where digital optical 50 a source of digital visual data and a means to convert 
displays are to be read out for blind persons. The digital the optical digital data into audible digital coded data, 
values of the display are converted into selection sigr The coding may be by tone, for example. In the pre- 
nals for the recorded words on selected tracks or loca- ferred embodiment, an electronic calculator (of a well- 
tions in a storage medium and are then played back in known commercially available sort) has connected to it 
sequence. 55 a converter for converting the optical character dis- 

Other audible indicators such as those in U.S. Pat plays into binary coded decimal (BCD) data form 
No. 3,823,383 are directed toward providing a warning which is then reproduced serially on a two tone audio 
signal or audible indication which is useftil to both oscillator which is controlled by means of a scanner, 
sighted and unsighted persons. Automatic signallers for The scanner selects the character to be "read" which 
weighing devices, such as those in U.S. Pat. Nos. 60 is then reproduced in audible form serially by bit 
2,383,321, 2,400,277 and 2,456,062 are examples. through the two tone oscillator. For simplicity, if the 

The foregoing audio indicator devices may be gener- data bit being read is a logical 0, the output tone is low, 
ally characterized in that they are either too simple to and if the data value is a logical 1 , the output tone is 
convey more than a single item of information, i.e., high. The selection of high and low designations is 
overweight and underweight indicators, or they are so 65 arbitrary and might easily be reversed if desired, 
complex, i.e., converters for converting symbols into The high and low tones enable the user to distinguish 
spoken words, etc., that they cannot be readily made between values of successive bits and a short pause 
available at a low price to the handicapped person, due occurs between the bits in the output tones to allow the 
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user to recognize the separation between successive Model 8223 Field Programmable Read-Only Memory 
bits (especially if the successive bits were identical, Le., identified as IC6 in the drawings. It is a 256 bit read- 
both high or low). The user is able to distinguish be- only memory organized as 32 eight-bit words. The 
tween numbers by a pause which is equal to, or longer words are selected by five binary address lines and full 
than, the ordinary playback or readout time for a given 5 word decoding is incorporated on the chip. FIG. 4 
number or character in the optical display. The output shows the truth table utilized in the present invention 
sequence of each number or character in the display is for converting the inputs to IC6 into BCD outputs, 
arbitrary, but the preferred embodiment uses an 8, 4, 2, The digit drive lines from calculator chip IC11 in 
1 , sequence as opposed to 1 , 2, 4, 8, sequence. It will be FIG. 1C are electrically interfaced with the rest of the 
appreciated that four bits in B C D code can represent 10 circuitry by integrated circuit 12, which is a series of 
sixteen different characters, each with its own unique inverters, commercially available as a Model SN74L04 
tone sequence of high and low tones in groups of four Texas Instruments chip (Model SN74L04N) was uti- 
sequential high-low tone groups. lized in the preferred embodiment). It will be noted 

In the present embodiment, the numerals 0 through from the truth table in FIG. 4 that the digit six and the 

9, a minus sign, an error signal, a decimal point, and is error E display utilize the same decode signals. In order 

other significant numerals or characters would all be to prevent confusion, IC7 and IC3, pins 8 and 9 and 

encompassed within the sixteen character tone code set pins 1, 2, 12 and 13, respectively, on these chips are 

provided by four bit B C D tone code groups. It is utilized to signal the E display character which occurs 

apparent that if it is desired to represent a greater van- when the calculator chip IC11 has an error condition, 

ety of optical characters, the tone code groups could be 20 IC7 is another Texas Instrument Model SN74L04N and 

expanded to five, six, or more bits as necessary. Since, IC3 is a Texas Instrument Model SN7410 triple 3 input 

however, numerals are usually read sequentially from positive — NAND gate circuit, 

left to right and one at a time, the four bit tone code B The two tone oscillator used in the present invention 

C D groups are most advantageous where numerals are is implemented on integrated circuit 5B which is a 

being read out for use by an operator. For example, if 25 SigneuVs Model 555 (as is IC5A). IC5B is a two tone 

a numeral displayed happened to be 917, its represen- oscillator which is utilized to drive ear phones or other 

tation in audible BCD tone code in high and low tones suitable transducers such as a loud speaker. IC3, the 

(with high and low designating 1 and 0 as previously previously mentioned triple 3 input positive NAND 

indicated) would be as follows: HLLH, pause, LLLH, gate through its pins 8, 9, 10 and 11 is a negative OR 

pause, LHHH. 30 function which turns on the oscillator in chip IC5B. 

The high tone chosen in the present embodiment is The frequency of the oscillator is varied by changing 

arbitrary, but was found to be more pleasing at about the input through diode Dl to effectively change the 

860 Hz. The low tone chosen was about 460 Hz and the RC time constant in the frequency circuit, 

length of a pause between sequential tones was approx- The scanner is embodied in integrated circuit 5 A 

imately 100 milliseconds with the pause between tone 35 which comprises a primary oscillator which establishes 

code groups for each numeral being approximately 300 the length of the tones and pauses. The oscillator in 

milliseconds. A variable speed control has also been IC5A is made variable to allow for setting the pause 

implemented to allow an individual user to vary the between characters from about 100 milliseconds to 

readout speed. about 2000 milliseconds as desired by the operator. 

In the present embodiment, the minus sign is read out 40 This is accomplished through transistor Ql which sets 

as four high tone intervals. The specific embodiment the time for the duration between groups of tones, 

shown uses a calculator chip which does not have a Integrated circuit 10 through its pins 2, 3, 5, and 6, 

decimal point indication. If the instrument did have a buffers the output of integrated circuit 5A and also 

decimal point, the decimal point could be inserted as a divides the output by two. This provides the output 

character having a continuous tone interval instead of 45 which is used as the master clock signal in the preferred 

four tone intervals, such as the type that is used for embodiment. Integrated circuit 10 is a Texas Instru- 

numbers. Alternatively, the decimal could be given a ment's Model SN7474, a dual D type positive edge 

unique four tone code, but it is easier for some users to trigger flip-flop circuit package, 

recognize the continuous tone instead. Integrated circuits 1 and 2 are utilized to form a 

User feedback is provided in a preferred embodiment 50 scanner for selecting the particular bit in the tone code 
by providing a short tone output each time a key is which is to be reproduced. Integrated circuits 13 and 
depressed. An error condition which may occur in 14 (Texas Instrument's part No. 74151 and No. 7492, 
using the electronic calculator is used to generate a respectively) select which digit is to be displayed, start- 
continuous tone (not a continuous tone interval such as ing with the most significant and ending with the least 
is used to indicate a decimal point, for example, but a 55 significant digit. Integrated circuits 1 and 2 are Texas 
continuous unending tone) which can only be stopped Instrument's Models SN74151 and SN7493, respec- 
by clearing, resetting, etc. tively. The SN74151 is a data selector or multiplexor 

Turning then, to FIG. 1 A, a preferred embodiment is which can be utilized to select one of eight different 
illustrated in conjunction with a six digit electronic data sources according to the control leveb put on the 
calculator chip in the form of an integrated circuit. The 60 inputs. A more detailed description of the circuit em- 
specific integrated circuit chip utilized is a National bodiments in FIGS. 1A through 1C will now be given, 
Semiconductor Model MM5736, which is packaged in together with an example of operation of the circuit, 
a standard eighteen pin dual in line housing. This chip, It will be assumed that the operator has already 
designated as IC1 1 in the drawings, provides as a stan- keyed in to the calculator (by means of touch and 
dard output a seven segment optical display drive cord 65 knowledge of the location of the various key denomina- 
tor use with a typical Light Emitting Diode matrix, tions) the problem to be solved. Next, read key 1 in 
(LED) display. The seven segment drive code is con- FIG. 1A is depressed. This closes a switch which 
verted to binary coded decimal from using a Signetic's grounds the input through pins 3, 4, and 5 to integrted 
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circuit IC3. This causes the output pin 6 of IC3 to go lithe calculator chip IC11 activates its output pin S c 

positive to provide an input oh pins 6 and 7 to IC14A, on the segment drive portion of the digital display out- 

which is the selector drive. IC14A provides an output put, an E signal or error indication has been generated 

on pin 12, which enables IC2, on pins 2 and 3. IC2 is a by the calculator. This output is inverted in inverter 

divide-by-eight counter which receives clock pulses on 5 IC7 and applied as one input on pin 2 to an NAND gate 

its pin 1 and which provides divided-by-two and divid- on !C3. The other inputs to IC3 are the error code 

ed-by-four outputs on pins 8 and 9 which are supplied output from the programmable read-only memory in 

to IC1 at pins 10 and 11. Another output from IC2 is at IC6 (on pin 7 thereof) together with the digit 6 output 

pin 11 where a divided-by-eight clock signal is pro- time coming on line B2 from the inverter IC7 pin 10 

duced. 10 which takes the output from the keyboard drive portion 

IC1 is the selector or multiplexor which selects one of 0 f the calculator chip at the time the sixth drive line for 

its inputs on pins 1, 2, 3, or 4 in response to the state of the keyboard of the calculator is driven positive. This is 

the input on pins 10 and 11, which are connected to done because, in the programmable read-only memory 

IC2. IC2 counts clock pulses and produces divided-by- ic6, the decode for the numeral 6 and for the error E 

two, divided-by-four, and also divided-by-eight out- 15 s igna] are the same. Therefore, if the keyboard is not 

puts. At the same time, IC13, pin 5, provides the output th en being driven, but the error condition signal in on 

from the most signficant digit position, D6, from IC11 m d an error decode from the programmable read-only 

(the calculator chip) through an inverter IC12 which memory IC6 has occurred a true error has occurred. If, 

acts as an electrical interface. IC9, a Texas Instru- however, output pin 12 of the calculator chip IC11 is 

ment'sNo. 74123, delays the output from pin 5 of IC 13 20 not driven, the NAND gate of IC3 wfll not be 

for approximately 10 microseconds and develops a 100 activated and a no error signal will be applied to an 

nanosecondstrobe at the end of the delay period. Pin gate m IC8> a Texas instrument's No. 742 1 , at pin 

11 of IC2, the high order bit of the counter, is negative 5 A « n0 error » signaI ^ normally an up level 

and this allows IC5A to run at its adjustable low speed. which ^ ]ied tQ pin 5 of ^ j^jy gate m IC8 as 

At the same time the output of IC5A is inputted to 25 shown The other mputs are nortna lly at an up level so 

IC10 which divides it by two and provides a buffering . M nQ k m deprcssed which would cause an up 

function. The output of IC10 at pin 6 (the plus^oscilla- leveJ Qn • te j ^ Qr 5 of mverter 7 whose ou ^ uts 2? 

tor signal) causes IC2 to count as previously indicated 4 ^ 6 re ^ ve] are connec ted to inputs 1, 2, arid 

When IC2 counts up to 4 (1, 0, 0, m binary) pin 11 4 of ^ ^ \ ^ ^ level is normall 

of IC2 goes rx)sitive which turns on transfer Ql and 30 ovide<i on ^ ou ^ ut pin 6 of IC8 which 

forces 1C5A mto ^ operation. It ako enables IC4 pin ^ nQ k . down ^ r error detected. 

12, and IC14, pin 5. If the digit being read <D6) is Jf ^ v ^ op tf an ^ . $ fa 

blank, IC6 pm 9 goes positive, enab ing IC4 pm h The ^ ^ H ins 9 ^ 1Q rfIcg ^ 

100 nanosecond ^ negative and pm 8 of IC8wUl go negative. The negative 

level m C 14 which steps the counter in IC14 ^ to - the 35 ^ g Qm g oncg ^ cause IC14A m 14 

next digit and the date f 0 go 8 negative which will cause pin 12 of IC14A to go 

select m the nex digit V^J^^^^^ to L up level which will reset L counter ICS. Also, 

digit position is also blank, the above steps are repeated . *\ . . , - . , - T -, 0 

untila non-blank digit is detected. fc^w^ 

When the oscillator at pin 13 of IC4 goes positive, the 40 » ° f IC3 which causes IG5? to be turned on as long as 
output goes negative and the output of pin 8 on IC3 *™ cond ^ on exists or t£e key is depressed which 

goes positive which turns on IC5B (the tone oscillator) produces a continuous output tone to alert the operator 

to produce a tone from the speaker or through the head that such an event is occurring, 

phones. The frequency of the tone, indicative of a one u Coun * r IC * 4 counts digits as they as read out After 

or zero digit being read, is controlled as follows: 45 the sixth (or the last) digij, pin 8 of IC14 wdl go nega- 

When the count in IC2 is 1 , 0, 0 in binary, pin 1 of tiye. This negative going signal causes pins 12 and 13 of 

IC6 (the programmable read-only memory), which is K* to go negative which causes counter IC2 to reset as 

the eight's position bit of the BCD value for the parties occurred previously with pins 9 and 10 of IC8. Reset- 

lar bit digit being read, is gated to pin 12 of IC10. Then ting counter IC2 by whatever means, stops multiplexor 

the 100 nanosecond strobe from IC9 loads the eight's 50 Id from scanning the tone code output from IC6. 

position BCD bit value into the latch of IC10. Under normal operation however, AND gates 8 and 

The input to IC10 goes to an "up" level as 1 is read 8B in IC8 will normally be fully activated and an up 

out from the selected input line at the multiplexor IC1. level will be present at their outputs at pins 6 and 8, 

The Q output on pin 8 of IC10 will then go low. This is respectively, so that activity will not be stopped and so 

the frequency shift tone control for the tone oscillator 55 that the NAND gate 3 at pin 8 will have a normal low 

in integrated circuit 5B, The output from pin 8 of IC10 level output connected to pin 4 of oscillator 5B. If an 

is applied to lower the bias on diode Dl which will up level were present on this pin, the oscillator would 

lower the voltage at the node A which lowers the be continuously on and a continuous tone would be 

threshold voltage oh pins 2 and 6 of IC5B and causes present. It is also apparent that if any key is depressed, 

the oscillator to oscillate more rapidly and provide a 60 AND gate 8 will have one of its pins driven to a minus 

higher frequency tone at its output on pin 3. level which will cause disabling of AND gate 8 and will 

If, on the other hand, tie IC1 selects a 0 at one of its produce a low level output at pin 6 thereof which will 

inputs, the output on pin 6 thereof will go to a low level provide a key down, or low level signal, to NAND gate 

and the output from IC10 at pin 8 will go high causing 3, pin 11. At the same time, pins 9 and 10 thereoif may 

an increase subsequently in the node voltage at node A 65 be in any state and for so long as the key button is held 

which will raise the threshold on the oscillator 5B down, .a tone will be produced since the output of 

which will lower the frequency of oscillation thereof NAND gate. 3 will be up and it is connected to pin 4 of 

and provide a lower tone at the output on pin 3, the oscillator 5B. 
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A divide-by-eight clock signal is applied (via IC4),to 
input pin 1 of IC14 which is a counter used to divide by 
six. Its outputs are connected to IC 13 .which is the data 
selector which selects which of the drive lines. Dl . 
through D6 in the calculator IC11, whose plus 5 volt 5 
output level is applied to an inverter in. IC12 to create . 
a low level output. The selected input line from the. 
multiplexor IC13 is applied at its . output in 5 which 
provides an input to the control pin 1 of single shot IC9. 
Thus, if the calculator chip IC11 is in the process of 10 
driving the selected drive line, a down going pulse at 
the output of multiplexor 13 will be present and single 
shot IC9 will be activated and its pin 13 will go to an up 
level. This is applied to a second single shot IC9 as 
shown, and will drive the Q output on pin 5, which is 1 5 
the strobe, signal. The strobe signal is applied to pin 2 of 
a NAND gate in IC4, a Texas Instruments part No. 
7400. The outer input to the NAND gate is maintained 
at an up level by a connection to a source of voltage to 
a load resistor and the output of pin 9 of IC6 which is 20 
positive if the display driver is not blank at the digit 
position selected. Thus, when the strobe signal arrives 
at pin 2, it will be positive. The output from pin 3. will 
be applied to the input, pin 4 of another NAND gate in 
IC4. Pin 5 of this latter NAND gate is activated by the 25 
clock pulse as well, so if either pin 4 or pin 5 is at the 
down level, an up level output at pin 6 will be pro- 
duced. This is inverted by another NAND gate with its 
inputs 9 and 10 wired together so that a. down level at 
pin 8 from 1C4 is produced. This level is applied to 
IC14 pin 1 to cause the counter to increment by one 
count and to drive the data selector IC 13 to the next 
step. 

The integrated circuits, IC1 through 14 are standard, 35 
commercially available items, well-krtown in the art 
and would be identified and laid out on a circuit board 
as illustrated by FIG. 2. Any convenient power supply 
giving the voltages shown in FIG. 2 would then be 
connected to the various opertive pin numbers as 4Q 
shown in the drawings of FIG. 1, The values of resist 
tors, capacitors and the designation of any transistors 
or diodes are given in the figures and will not be re- 
peated, it being obvious, to one of ordinary skill what 
the elements are and what their purpose is. 45 

The operation of the tone output device during one 
cycle for a readout s as follows: 

The read key is depressed and pin 6 of IC3 goes 
positive, resetting IC14A. IC14A, pin 12 goes negative, 
thus enabling IC22 to start counting. 50 

The counter IC2 will count in binary 100, 101, 110, 
111 and will gate out the eight, four, two and one bit 
positions in BCD code from IC6. When IC2 counter 
returns to a count of 000, the fall of the high order bit 
causes IC14 to advance its count and to select the next 55 
digit. . 

. When IC14 finally returns to a count of 000, IC14A 
is turned on via IC8 pin 8, 12 and 13 which stops the 
readout. 

If the E character is detected at any character posi- 60 
tion, IC14 is turned on via IC8 pin 8, 9, and 10 which 
stops the readout and causes IC5B, the tone oscillator, . 
to turn on each time the E is detected. 

For the operator's convenience, each time any calcu- w 
lator key is depressed, IC14A is turned on io /stop the . 6$ 
readout and to cause a tone output through the oscilla- 
tor IC5B at every D6 drive time for as long as.the jcey 
is held depressed. \ >v .... ; .: . . : . -V - - • 



FIG. 3. illustrates in a schematic, form an operation 
for a tuning chart readingout four bits BCD from left to 
right. Beginning at the left-hand edge of FIG. 3, there is 
initially no tone or other indication until the read key is 
depressed. When the read key is depressed, a low tone 
is produced for indicating a negative sign and no tone is 
produced at all for a positive sign, although it is obvious 
that a high tone could be produced for this if desired. 
There then follows a pause and then a group of four 
tones will be serially produced for the first digit in the 
BCD code scheme of the display which is being read 
out. Each individual tone lasts for approximately 300 
milliseconds in the preferred embodiment, but this 
could be varied at will. A short pause of approximately 
100 milliseconds is interspersed between individual 
tone bursts. A high tone has been arbitrarily chosen to 
indicate a one in the bit position 8, 4, 2, or 1 BCD code 
and a low tone to indicate a zero is the bit position 8, 4, 
2, or 1 thereof. Following the readout of the most sig- 
nificant digit as four tones, a pause of approximately as 
long as the total time to read out four bits ensues and 
then the second digit in the display is read out, etc. The 
total time in seconds to read out four decimal digits in 
BCD tone code in the example shown is approximately 
sixteen seconds. While this is a relatively long period of 
time, a speed control is included in the circuit in FIG. 
1 to reduce the gap or pause between the series of tones 
between the first digit and the second, etc., so that the 
time can be cut nearly in half or extended, if desired. 

While the invention has been particularly shown and 
described with reference to a preferred embpdiement 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 

What is claimed is: 

1. Apparatus for converting silently displayed visual 
data characters into serially sequenced, tone coded 
audible data signals, at a rate of presentation between 
and duration of said serially sequenced tones to be 
audi to rially intelligible to humans, comprising: 

a source of first electrical drive signals of the type for 
operating a visual data display means; 

converting means connected to said source of first 
electrical drive signals for converting said first elec- 
trical drive signals into serially sequenced and tone 

: coded second electrical drive signals; 

tone signal rate control means and tone signal dura- 
tion control means connected to said converting 
means for controlling the rate and duration of said 
second electrical drive signals to produce a rate of 
presentation and duration of said signals to be 
auditoriaHy intelligible to humans; and 

transducer, means " connected to said converting 
means to receive said serially sequenced and tone 
coded second electrical drive signals for audibly 
and serially producing tones corresponding in fre- 
quency, rate and duration to said sequenced and 
tone coded second electrical drive signals. 

2. Apparatus as described in claim 1, wherein: 

said source of said first electrical drive signal com- 
prises an optical data display means wherein said 
first electrical signals are the optical data display 
control signals, therefor; and 

said, means for converting said first electrical drive 
signals into said serially sequenced and tone coded 
second electrical drive signals comprises a readable 
memory device connected to have its memory ad- 
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dressed by said first electrical drive signals and 
which has said serially sequenced and tone second 
electrical drive signals stored at locations which 
correspond to said first electrical drive signals. 
3. Apparatus as described in claim 2, wherein: 5 
said optical data display means is a segmented, selec- 
tively iliuminable array of visible areas which are 
selected to form segmented data characters in cor- 
respondence with said first electrical drive signals; 
and 10 
said means for converting said first electrical drive 
signals into said serially sequenced and tone coded 
second drive signals further comprises means for 
sequentially outputting serial elements of said 
memory location contents addressed by said first 15 
electrical drive signals. 



4. Apparatus as described in claim 3, wherein: 
said means for converting said first electrical drive 

signals into said serially sequenced and tone elec- 
trical drive signals further comprises means for 
sequentially applying said first electrical drive sig- 
nals to said memory device in sequence by charac- 
ter from said data display means. 

5. Apparatus as described in claim 4, wherein: 
said optical data display means comprises at least 

one, seven-segment, selectively iliuminable charac- 
ter display means; and 
said means for converting said first electrical drive 
signals into said serially sequenced and tone coded 
second electrical drive signals contains BCD coded 
memory location contents. 
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